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Abstract

The research investigated monotonic and non-monotonic temporal patterns in adolescents' psychological and somatic
symptoms, including variations by gender. Analyses were conducted on repeated cross-sectional data from the Health Behaviour
in School-aged Children (HBSC) survey spanning 1994-2022, involving 15-year-old adolescents from 41 nations (N =
470,797). Three polynomial logistic regression approaches (linear, quadratic, cubic) were evaluated for optimal fit, with
stratified examinations by gender and symptom type.

Temporal patterns differed according to gender and symptom category. Rising trends appeared in 82.3% of instances (linear in
25%, U-shaped quadratic in 28.7%, cubic in 28.7%), whereas 14% lacked a distinct pattern, and 3.7% declined. Males
predominantly exhibited linear rises or stable patterns, while females more commonly displayed cubic or U-shaped trajectories.
Psychological symptoms frequently followed U-shaped or cubic trajectories, in contrast to somatic symptoms, which primarily
demonstrated linear rises.Across nations, adolescents' psychological and somatic symptoms exhibited varied temporal
trajectories, with non-monotonic forms (U-shaped and cubic) commonly occurring beside linear rises. Such results underscore
the intricate nature of national-level shifts across three decades, indicating that sole reliance on linear models may inadequately
represent this variability.
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Introduction adolescents' broader health, daily functioning, and sense
of well-being, with potential progression to mental
Optimal health and well-being form the foundation for  disorders in adulthood [6] that substantially add to the
essential developmental milestones during adolescence  worldwide burden of disease [7]. Emerging data point to
[1], where mental health plays a central role. Yet, over  a rise in these symptoms across time [8], potentially
one-third of adolescents frequently report various linked to country-specific occurrences and broader crises
psychological and somatic symptoms [2, 3]. These such as the 2008 financial downturn and the COVID-19
symptoms act as key markers of challenges in mental  pandemic, alongside growing awareness of mental health
health and overall well-being, often representing stress  and expanded access to related services. Extended
responses to psychosocial pressures in young people's  longitudinal trend examinations are vital for
lives without evident physical origins [4, 5]. comprehending these shifts and informing strategies to
Furthermore, such symptoms can adversely impact track and enhance adolescent well-being.
The HBSC survey, conducted every four years across
multiple nations, offers a valuable resource for tracking
temporal changes in adolescent health and well-being via
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(feeling nervous, feeling low, irritability, sleep
difficulties) symptoms, and it has stayed consistent since
[9]. Somatic and psychological symptoms frequently co-
occur [10-13], leading some investigators to combine
them into a single psychosomatic factor [13, 14], while
others distinguish them as separate psychological and
somatic dimensions [11, 12, 15, 16]. Both frameworks
have strong empirical support and have been applied in
prior adolescent health investigations.

Research adopting the single-factor perspective has
identified  comparable  temporal  patterns  in
psychosomatic symptoms across various settings. For
example, psychosomatic complaints remained largely
steady through the 1990s and early 2000s in nations like
Scotland, England, and the Netherlands [17-19]. From
around 2010, however, rises in adolescents experiencing
multiple psychosomatic symptoms emerged [17-20].
These patterns have been corroborated in aggregated
international datasets [8].

Investigations using the two-factor framework have
heterogeneous  temporal  shifts  in
psychological and somatic symptoms across contexts.
Psychological symptoms generally remained stable in the
1990s and early 2000s, with subsequent increases
varying by country after the early 2000s. Switzerland, for
instance, displayed stability from 1994 to 2006 [15],
whereas Norway showed an upward pattern in that
timeframe followed by a decline in 2014 [16]. More
contemporary analyses in Czechia (2002-2018), Italy
(2010-2018), and Canada (20142022, especially girls)
documented rises in psychological symptoms [20-22].
One multinational indicated stability in
psychological symptoms from 2002 to 2010, then growth
through 2018 [23], while another using combined data
(2002-2018) found increases in psychological symptoms
in most countries [24]. Regarding somatic symptoms,
upward trends from the 1990s to early 2000s were
observed in Switzerland, Norway, and Czechia [15, 16,
21], succeeded by declines in Norway (2010-2014) and
Czechia (2010-2018) [16, 21]. In contrast, Italy and
Canada evidenced increases during those years [20, 22].
A single cross-national examination to date has verified
rising somatic symptoms from 2002 to 2018 [23]. In light
of these inconsistent trajectories for psychological and
somatic symptoms, coupled with limited long-span
investigations, there is a need to integrate findings within
a unified analysis and assess psychological and somatic
symptoms separately (two-factor approach) over a

uncovered

analysis

prolonged period and across multiple nations to better
clarify variations in temporal patterns.

Previous investigations have predominantly adopted a
monotonic perspective, focusing on linear shifts in
psychosomatic symptoms across time. Nevertheless,
such a method might fail to fully reflect the intricate
nature of these trajectories [25]. The occurrence of non-
monotonic temporal patterns, including quadratic (U-
shaped or inverted U-shaped) or cubic forms, has seldom
been explored, with only one prior investigation
addressing this [25]. These non-linear trajectories are
frequently overlooked, despite their
particularly in analyses covering extended periods where
several fluctuations could arise. The present research
seeks to enhance comprehension of these shifts across a
prolonged incorporate the
representative multinational data through application of
the two-factor framework.

While varying temporal patterns have emerged, certain

relevance,

timeframe and latest

findings remain uniform regarding prevalence and
gender distinctions. Investigations applying the two-
factor model have consistently indicated lower rates of
somatic relative to psychological symptoms [15, 16, 20,
21, 26]. Additionally, elevated prevalence of health
symptoms—whether assessed via single- or two-factor
methods—has been observed among girls compared with
boys [15-21, 26, 27]. Deeper exploration of gender- and
dimension-specific prevalence variations within trend
analyses that account for diverse trajectory types could
yield a more refined perspective on these temporal
developments.

This study

The studies reviewed above underscore the requirement
for additional examination of varied temporal trajectories
beyond the standard linear framework. Accordingly, to
bridge these shortcomings, the current investigation
intends to guide policymaking and identify priority
populations for customized initiatives, such as meeting
the distinct requirements of males and females in
managing different aspects of health symptoms across
time. Furthermore, leveraging representative samples
from adolescents in 41 nations, this work seeks to reveal
possible international variations, stressing the value of
incorporating diverse cultural and contextual elements
together with gender disparities and differences by
symptom category. To achieve greater insight into these
extended temporal patterns, the analysis covers nearly
three decades across 41 countries. This study evaluates
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which trajectory type (linear, quadratic, or cubic) best
represents the observed variations over the last three
decades in adolescents' psychological and somatic
symptoms for each nation individually. It also
investigates whether these varying temporal trajectories
differ between males and females.

Materials and Methods

Study design and sample

The multinational HBSC survey gathers information on
health and well-being among 11-, 13-, and 15-year-old
adolescents every four years. In each participating region
or country, a representative school-based sample is
obtained in accordance with the standardised
international protocol [9]. The current analysis utilised
data from eight survey waves (1994, 1998, 2002, 2006,
2010, 2014, 2018, and 2022), encompassing three
decades. The sample comprised 41 countries, accounting
for 79% of the 52 nations in the full dataset. Inclusion
required countries to have at least four data points,
regardless of consecutiveness, to satisfy the minimum for
cubic trend assessment. Prior systematic evidence has
established that 15-year-olds exhibit the highest
prevalence rates, greatest gender disparities, and broadest
international differences [8, 20, 22, 24]; thus, only this
age cohort was retained. The resulting sample consisted
0f 470,797 15-year-old adolescents.

Measures

Psychological and somatic symptoms in adolescents
were assessed via the HBSC Multiple Health Complaints
scale [9]. Participants reported the frequency over the
preceding six months of eight symptoms: feeling low,
irritability or bad temper, feeling nervous, difficulties in
getting to sleep, headache, backache, stomachache, and
feeling dizzy. Responses ranged from 1 (“about every
day”) to 5 (“rarely or never”). A two-dimensional
structure was applied, with the initial four items
representing psychological symptoms and the subsequent
four denoting somatic symptoms [11, 15, 16]. Both scales
were binarised using the threshold of two or more
symptoms occurring more than once a week [11, 15, 16,
20]. This threshold was selected for its applicability to
both categories, as a stricter criterion of three or more
would yield low somatic prevalence, while a looser one
of one or more would produce excessively high
psychological prevalence. The instrument has
demonstrated strong internal consistency and construct

validity [12], along with configural and metric invariance
across nations [13]. Gender was ascertained by asking
whether participants identify as a boy or a girl. Age was
derived from the reported month and year of birth.

Statistical analyses

Prevalence estimates for psychological and somatic
symptoms were computed by country, survey wave, and
gender. To identify the best-fitting temporal trajectory
within each country, logistic regression was performed
separately for males and females, and for each symptom
category, yielding 164 distinct analyses (k = 164; 41
countries x 2 genders x 2 symptom dimensions). The
survey wave variable (collection year) was centred, and
orthogonal polynomials were incorporated for quadratic
and cubic terms. Three models—cubic, quadratic, and
linear—were compared, fitted via the “glmnet” package
in R version 4.1-1 [28]. The preferred trajectory was
selected according to improvement in fit and model
significance, applying a stringent threshold (p <.001) to
account for large sample sizes [29]. Two supplementary
sensitivity checks were then undertaken. The first used
aggregated data to examine how alternative thresholds (at
least one, two, or three symptoms more than weekly)
affected trajectory outcomes. The second evaluated
potential COVID-19 effects on overall patterns by re-
estimating models excluding 2022 data and contrasting
them with complete models. Sensitivity assessments
were not feasible for Russia, Ukraine, and the United
States owing to missing 2022 data.

Results and Discussion

Descriptives

Figure 1 displays the recorded prevalence trajectories by
nation. Furthermore, Figure 2 depicts the range between
maximum and minimum prevalence across the
observation period per nation, revealing substantial inter-
country variability over time. In general, peak prevalence
for both somatic and psychological symptoms occurred
in 2022 in the majority of nations for males (32 countries)
and females (36 countries). In contrast, the timing of
minimum prevalence showed considerable cross-
national diversity. Specifically, for psychological
symptoms, the lowest rates within countries appeared at
various intervals from 1994 to 2014. For somatic
symptoms, minima within countries spanned 1994 to
2018. Notably, in 1994—when data were available from
20 countries—somatic symptom prevalence reached its
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lowest for females in 17 countries and males in 13
countries relative to subsequent waves.
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Figure 1. Prevalence of two or more psychological and somatic symptoms among males and females by nation

and survey year (Health Behaviour in School-aged Children study, 1994-2022 across 41 countries).
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Notes. Solid lines denote psychological symptom prevalence; dotted lines denote somatic symptom prevalence.
Blue lines indicate males; red lines indicate females.
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Trend patterns

Substantial multinational variation emerged in temporal
trajectories for both symptom categories and genders
(Tables 1 and 2). In the majority of instances across
countries, genders, and symptom types, 82.3% (k = 135)
of trajectories showed rising prevalence over the study
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duration. Three distinct upward patterns were identified: ~ 6). Specifically, linear declines occurred in 1.8% (k = 3),
linear (25%; k = 41; consistent rise from baseline), reflecting a steady reduction, while inverted U-shaped
quadratic U-shaped (28.7%; k = 47; initial decline quadratic patterns (initial rise followed by decline) also
succeeded by recent rise), and cubic (28.7%; k = 47;  accounted for 1.8% (k = 3). Stability (no discernible
repeated fluctuations culminating in recent increase).  pattern) characterised 14% (k = 23) of cases (Table 3).
Declining trajectories appeared in a minority (3.7%, k =

Table 1. Temporal trajectory for psychological symptoms by nation and gender (Health Behaviour in School-aged
Children study, 1994-2022 across 41 countries).
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Table 2. Temporal trajectory for somatic symptoms by nation and gender (Health Behaviour in School-aged
Children study, 1994-2022 across 41 countries).
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0.624 0.492

Switserland 0.002 2.231 2913 0.007 c U
(0.248)%* (0.248)*  (0.000)***  (0.388)***  (0.389)%**  (0.001)***

Ukraine 1.025 -0.477 0.000 1.170 0.344 0000
(0.272)%** (0.272) (0.001) (0.398)%* (0.399) (0.001)

USA 0.218 0.385 ~0.004 ~1.140 ~0.901 ~0.002 -
(0.331) (0.331) (0.001)**  (0.440)**  (0.441)* (0.002)

Wales 0.649 1.622 0.002 2.401 3.797 0.009 c QU
(0.309)*  (0.309)%**  (0.000)***  (0.443)%**  (0.444)***  (0.000)***

Notes. Estimates (Standard error); P <0.001 =*; P <0.01 =; P <0.05 = *; LI, linear increase; LD, linear decrease; QU, quadratic U-shaped; QIU,
quadratic inverted U-shaped; C = cubic.

Table 3. Summary of temporal trajectories for psychological and somatic symptoms by gender and nation for 1994—
2018 and 1994-2022 (Health Behaviour in School-aged Children study, 41 countries).
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Armenia ¢ . o Linear Quadratic—U- o Quadratic—U- .
decrease shaped* shaped*
Austria a Quadratic—  Linear Linear . Quadratic—U- Quadratic—U- Quadratic—U- Linear
U-shaped  increase increase shaped shaped* shaped* increase*®
. . uadratic— . .
Belgium — Linear . Q . . uadratic—U-  Linear
5 . — Cubic  inverted U- Cubic* Cubic* Q % . %
Flanders a increase shaped increase
shaped
. . uadratic . uadratic— .
Belgium — Quadratic— Q Linear Q - Quadratic—U- . . "
. —U- . inverted U- Cubic Linear increase =~ —
Wallonia a U-shaped increase shaped
shaped shaped
Linear Quadratic Quadratic— Linear
Bulgaria d . —U- — Linear increase Cubic* Cubic* . "
increase U-shaped increase
shaped
Canada a Quadratic— . Linear . Quadratic—U- Quadratic—U- Quadratic—U- .
U-shaped increase shaped shaped* shaped*
Croatia ¢ Quadratic— . . o Quadratic—U- o Quadratic—U-
U-shaped shaped shaped
. . Quadratic .
. Linear Linear . uadratic—U- _ . . .
Czechia . . —inverted Q «  Linear increase Cubic*
increase increase shaped
U-shaped
Linear Linear Linear Linear . . . . Linear
Denmark a . . . . Cubic* Linear increase Cubic* .
increase increase  increase increase increase
Linear . Linear . uadratic—U- . .
England b . Cubic . Cubic* Q % Cubic* Cubic*
increase increase shaped
Estonia a Cubic — Cubic — Cubic Cubic* Cubic Cubic*
. adratic— Linear Linear adratic—U- Linear .
Finland a Qu — . . Qu . % Cubic* —*
U-shaped increase increase shaped increase
. uadratic Quadratic . . .
Quadratic— Q Q. . Quadratic—U- Quadratic—U- - Linear
France a —U-  —inverted  Cubic Cubic . %
U-shaped shaped shaped increase
shaped  U-shaped
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ic— Li . . ic—U- Li
Germany a Quadratic o Linear . Cubic* Cubic* Quadratic—U . mear*
U-shaped increase shaped increase
Linear Quadratic
Greece b Cubic — — Cubic Cubic* Cubic* —U-
decrease *
shaped
Linear Linear Linear . . Linear . . Linear
Greenland a . — . . Linear increase . «  Linear increase .
increase increase increase increase increase
Hungary a Cubic . .Lmear .Llnear Cubic Quadratlc:U— Cubic* .Llnear
increase increase shaped increase
Li . tic—U- tic—U- tic—U-
Ieeland d Linear o Cubic L Quadratic . U- Quadratic . U- Quadratic . U /
increase shaped shaped shaped
Linear Linear Quadratic—U- Quadratic—U- . . Linear
Ireland b . — . — " % Linear increase . %
increase increase shaped shaped increase
Quadratic
Linear - N - —inverted
Israel a — — — Cubic — Cubic
decrease U-
shaped*
Linear Linear Quadratic—U- Linear . .
Italy ¢ . — . — " . «  Linear increase /
increase increase shaped increase
. Linear Linear Linear Linear - Quadratic—U- Quadratic—U-  Linear
Latviaa . . . . Cubic " " .
increase increase  increase increase shaped shaped increase
Quadratic— Quadratic
Lithuania a Cubic — — inverted U- Cubic Cubic* Cubic* -inverted
shaped U-shaped
. adratic—U- Linear
Luxembourg d Cubic — — — Qu N . " — —
shaped increase
North Macedonia ¢ Quadratic— L . Quadratic—U- Linear Linear increase™ Linear
U-shaped shaped increase* increase*®
Linear Linear Linear . . . . Linear
Malta ¢ . — . . Linear increase — Linear increase .
increase increase increase increase
Netherlands ¢ Linear — Cubic — Quadratlc:U- Quadratlc:U- Linear increase . Llnear*
increase shaped shaped increase
Li . . . . .
Norway a _mnear — — — Linear increase Cubic* Linear increase —
increase
Linear Quadratic— Linear
Poland a Cubic Cubic . inverted U- Cubic Cubic Cubic* . %
increase increase
shaped
. adratic . . .
Quadratic— Qu Quadratic—U- Quadratic—U- Quadratic—U-
Portugal b U-shaped —U- o shaped shaped shaped* /
p shaped P P P
. Quadratic— Quadratic—U- Quadratic—U- .
R - — _ %
omania d U-shaped / shaped shaped* Cubic /
. Quadratic—
. L )
Russia a — — near o verted U- — — — —
increase
shaped
. drati drati . . . .
Quadratic— Quadratic - Quadratic Quadratic—U- Quadratic—U- Quadratic—U- Linear
Scotland a —U- —U- — % . *
U-shaped shaped shaped shaped increase
shape shaped
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. Linear Linear Linear . . uadratic—U-  Linear
Slovakia a — . . . Cubic* Cubic* Q % .
increase  increase increase shaped increase
Quadratic Linear Quadratic—U Linear
Slovenia ¢ Cubic —U- . — Cubic Linear increase . "
shaped increase shaped increase
Spain ¢ Linear Linear Linear Quadratic—U- Linear Linear decrease
P decrease  decrease  decrease shaped* decrease
Linear Linear Linear . . . Linear
Sweden a . . . — Cubic* Cubic* Cubic* . %
increase increase  increase increase
. uadratic— Linear . Linear . Linear
Switzerland b Q — . — Cubic* . % Cubic* . "
U-shaped increase increase increase
Quadratic
Ukraine ¢ Cubic —U- — Cubic — — — —
shaped
. Linear
USA Db Cubic — — — — — —
decrease
. . . . uadratic
Quadratic— . Linear Quadratic—U- Quadratic—U- - Q
Wales a Cubic . — % Cubic —U-
U-shaped increase shaped shaped "
shaped

* = Different trajectory for 1994-2018 versus 1994-2022;
a Data since 1994.
b Data since 1998.
¢ Data since 2002.
d Data since 2006.
e Data since 2010.

Gender-specific divergences in trajectories were also
apparent. Among males, linear rises (32.9%, k = 27) or
stable patterns (23.2%, k = 19) predominated, whereas
females more frequently exhibited cubic (41.5%, k = 34)
or U-shaped (35.4%, k = 29) forms. Thus, female
trajectories displayed greater volatility within countries.
Symptom-category differences were likewise notable.
Psychological symptoms most commonly followed U-
shaped (41.5%, k = 34) or cubic (34.1%, k = 28) paths,
while somatic symptoms primarily showed linear rises
(35.4%, k = 29), followed by cubic (23.2%, k = 19) and
stable (20.7%, k = 17) patterns. Among males,
psychological symptoms often displayed non-monotonic
forms—U-shaped in 15 countries, cubic in 10—versus
linear rises in 8. Somatic symptoms in males chiefly
followed linear increases (19 countries), with U-shaped
(2 countries) and cubic (3 countries) less common. For
females, psychological symptoms predominantly showed
U-shaped (18 countries) or cubic (16 countries)
trajectories, with linear rises in 4. Somatic symptoms in
females were most often cubic (16 countries), then U-
shaped (11 countries), with linear increases in 10
countries.

Sensitivity testing

Supplementary checks examining alternative thresholds
(at least one, two, or three symptoms occurring more than
weekly) on the aggregated dataset yielded comparable
outcomes across thresholds for males and females, as
well as both symptom categories

Given the potential substantial influence of COVID-19
on the most recent wave [30], additional analyses were
conducted excluding 2022 data. Table 3 provides a
comparative summary of trajectory results incorporating
2022 data versus the sensitivity exclusion. Removal of
2022 observations altered initial trajectories in multiple
nations, underscoring probable COVID-19 effects on
long-term patterns.

Among the 38 nations eligible for psychological
symptom sensitivity analysis, trajectory shifts occurred
in 26 nations for males and 18 for females. For males,
inclusion of 2022 data most frequently transformed pre-
2018 stability into linear rises (k = 6), U-shaped patterns
(k = 6), or cubic forms (k = 5). For females, the
predominant shift involved pre-2018 linear rises
evolving into more intricate U-shaped (k = 5) or cubic (k
= 5) trajectories upon adding 2022 data.

For somatic symptoms, exclusion versus inclusion of
2022 data modified trajectories in 20 nations for males
and 28 for females. Among males, adding 2022 data
commonly generated linear rises (k = 9) where prior
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stability predominated. Among females—mirroring
psychological findings—pre-2018 linear rises often
converted to cubic patterns (k = 9) with 2022 inclusion.
Furthermore, five nations exhibiting pre-2018 stability
shifted to cubic trajectories upon incorporating 2022
observations.

The present investigation—encompassing nearly three
decades (1994-2022) across 41 nations—sought to
determine the optimal temporal trajectories (linear,
quadratic, cubic) for psychological and somatic
symptoms in representative groups of 15-year-old
adolescents, while also assessing gender-specific
variations.

Across most nations, both symptom types displayed
rising prevalence from 1994 onward, manifesting as
consistent escalation (linear), initial decline succeeded by
resurgence (U-shaped), or repeated oscillations ending in
recent elevation (cubic). Stability or reduction
characterised only a minority of cases. Additionally,
female trajectories demonstrated greater
featuring more frequent U-shaped and cubic forms,
whereas male patterns—especially for somatic
symptoms—tended toward linearity. Such complexity
implies amplified volatility, potentially associated with
disproportionate female exposure to academic pressure,
body dissatisfaction, overweight and
victimisation [24, 31].

Relative to earlier work spanning 1994-2010 [25],
trajectory distributions have evolved. Ottova-Jordan et
al. [25] reported roughly balanced stable, rising
(linear/U-shaped), and falling (linear/inverted U-shaped)
patterns, with cubic instability in merely four nations. By
contrast, the current analysis documents the dominance
of upward trajectories into the 2020s. Incorporating 2022
data accentuated recent acceleration and non-monotonic
prevalence, aligning with prior observations. While
COVID-19 likely contributed, the scarcity of 2018
declines and abundance of pre-pandemic rises versus
Ottova-Jordan [25] indicate an established concerning
escalation beforehand. Ongoing surveillance is thus
essential to discern whether pandemic effects prove
transient or perpetuate this worrisome trajectory.

intricacy,

concerns,

Marked  divergences also emerged between
psychological and somatic symptom trajectories:
psychological often entailed intricate oscillations,

whereas somatic followed comparatively steady paths.
Extensive multinational heterogeneity characterised
patterns by gender and symptom type, without evident
regional clustering. These outcomes suggest linear

modelling frequently inadequately represents three-
decade complexities, notably among females and for
psychological symptoms.

Prior evidence has consistently documented greater
psychological and somatic symptom prevalence in
females versus males, alongside steeper female rises—
possibly underlying observed female trajectory intricacy
[32, 33]. Certain nations exhibited exceptionally elevated
rates: Italy and Israel across both categories, and Greece,
particularly for psychological. Macro-structural shifts
may partly account for this; for example, ongoing
conflict, economic volatility, and violence in Israel
impair adolescent mental health [34, 35]; refugee influx
and austerity in Greece exacerbate inequities and
[36, 371
school shutdowns,

psychological burden severe pandemic
disruption,

demands, and digital media exposure in Italy elevate

extended academic
adolescent psychosomatic burden [38, 39].

The supplementary analyses verified that trajectories
grew more intricate for males and females alike upon
incorporating 2022 observations (post-COVID era).
Among males in numerous nations, pre-2018 patterns
indicated stability, which transitioned to rising forms
with 2022 inclusion. Among females, pre-existing linear
escalations frequently evolved into more elaborate
configurations when 2022 data were added. These checks
revealed intensification of an already-established upward
trajectory in females, while signalling the onset of
escalation in males.

Apart from the recent elevation in psychological and
somatic symptoms—possibly linked to COVID-19—
several pronounced oscillations have occurred across the
period. Although not examined in depth here, diverse
multinational events and societal shifts likely influenced
the documented rises in adolescent symptoms. For
instance, the 2008 financial downturn has been tied to
detrimental impacts on youth mental health [40].
Moreover, issues like environmental degradation [41, 42]
and warfare [35, 43] could have driven recent symptom
increases.

Societal transformations have also been influential,
yielding mixed outcomes for adolescent mental health.
The proliferation of internet access from the 1990s and
social platforms from the mid-2000s onward probably
exerted adverse effects [24, 44], though certain
investigations indicate neutral or beneficial influences
[45, 46]. Heightened public recognition of mental health
concerns, alongside expanded service provision and
preventive measures, may have yielded favourable
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results [47-51]. National-specific incidents and personal
circumstances likely shaped these trajectories as well.
Collectively, these—and undoubtedly additional—
elements probably account for the noted trajectory
diversity. However, attributing specific oscillations to
them falls outside this investigation's main focus,
rendering causal links speculative.

Strengths, limitations, and future research

A key advantage of this work lies in leveraging repeated
cross-sectional HBSC datasets from an extensive
multinational sample, maintained consistent
methodology. This enabled a rare exploration of 30-year
trajectories across numerous nations, deepening insights
into adolescent health dynamics. Nonetheless, certain
constraints warrant attention. The HBSC network's swift
growth over recent decades resulted in uneven data
coverage, with several nations absent from early waves
starting in 1994, constraining full trajectory assessment.
Self-reported instruments also risk bias, as growing
mental health literacy might elevate reported rates,
consistent with prevalence inflation ideas [50]. While 15-
year-olds display peak symptom levels, incorporating
broader age bands in forthcoming work could offer fuller
developmental perspectives. Additionally, divergent
psychological versus somatic trajectories in most nations
prompt queries on their interrelation across time,
meriting dedicated future inquiry. Subsequent analyses
might cluster nations and integrate macro-indicators—
like cultural attributes or welfare/healthcare features—
for deeper scrutiny. Finally, the Multiple Health
Complaints Scale's emphasis on internalising symptoms
may skew gender contrasts. Developmentally, females
tend toward internalising, males toward externalising [5];
thus, such tools might underrepresent male distress,
necessitating cautious interpretation.

via

Conclusion

Overall, recent years reveal a multinational escalation in
adolescent psychological and somatic symptoms. Non-
monotonic trajectories appear more commonly among
females than males, and in psychological relative to
somatic domains. Dominant forms encompass U-shaped
and cubic configurations alongside linear rises. Yet
substantial inter-nation heterogeneity characterises these
patterns. Such variability emphasises temporal intricacy,
implying linear frameworks alone may inadequately
encompass three-decade developments.
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